Introduction {#sec0001}
============

The location of a mass in the mediastinum is an important consideration in the differential diagnoses [@bib0001]. In some instances, cross-sectional imaging can narrow the possibilities; and when imaging findings are considered in combination with clinical observations, a single diagnosis can at times be rendered. On occasion, however, direct tissue sampling or surgical excision is necessary for definitive diagnosis.

We discuss a case of a mass in the cardiophrenic space in a patient with myasthenia gravis, with clinical and imaging observations suggesting a thymoma. However, surgical excision and histopathologic analysis led to the unexpected diagnosis of a pulmonary adenomyoma at the right cardiophrenic space.

Case report {#sec0002}
===========

Clinical history {#sec0003}
----------------

A 59-year-old woman with a productive cough was found to have a mediastinal mass on chest x-ray in 2016. She also complained of progressive dysphagia and proximal muscle weakness which prompted molecular testing when she presented for formal evaluation 2 years later. Acetylcholine receptor antibody testing and a barium esophagram were unrevealing. However, given her clinical history and symptoms, a diagnosis of myasthenia gravis was made after neurology consultation. She reported significant improvement after treatment with intravenous immunoglobulins, an event consistent with myasthenia gravis. Given age, symptomatology, clinical evaluation, and response to intravenous immunoglobulin treatment, the right cardiophrenic mass was thought to be a thymoma. Computed tomography (CT) of the chest was previously performed in 2016 and follow-up preoperative chest CT (2 years later) again demonstrated a right cardiophrenic mass with minimal change in size, compatible with an indolent biology.

CT imaging and histopathologic findings {#sec0004}
---------------------------------------

CT imaging showed a heterogeneous and mildly lobulated mass measuring 5.2 × 4.4 × 4.5 cm containing a tiny punctate calcification and small foci of cystic change, and abutting the right pericardiac fat, pericardium of the right atrium, and parietal pleura of the adjacent right lung ([Fig. 1](#fig0001){ref-type="fig"}, *top and middle rows*). There were no definitive imaging findings to support extension into the lung parenchyma, local invasion or distant metastasis.Fig. 1Top row: Preoperative contrast-enhanced CT of the chest obtained 2 years before surgery in axial soft tissue window (left), lung window (middle), and coronal soft tissue (right) reconstructions. An asterisk (\*) denotes the right cardiophrenic pulmonary adenomyoma.Middle row: Preoperative contrast-enhanced CT of the chest obtained just before surgery (2 years after the images shown in "Top row"). Images are provided in axial soft tissue window (left), lung window (middle), and coronal soft tissue (right) reconstructions. An asterisk (\*) denotes the right cardiophrenic pulmonary adenomyoma.Bottom row: Postoperative noncontrast CT of the chest in axial soft tissue window (left), lung window (middle), and coronal soft tissue (right) reconstructions. Hyperdense material at the right cardiophrenic space are surgical clips/sutures from wedge resection of the right middle lobe.Fig 1

Enbloc resection of the cardiophrenic mass along with wedge resection of the right middle lobe of the lung showed that it was adherent to lung only peripherally. Of note, follow-up imaging 8 months later did not show tumor recurrence ([Fig. 1](#fig0001){ref-type="fig"}, *bottom row*). Histopathologic sections of the mass ([Fig. 2](#fig0002){ref-type="fig"}) revealed a relatively well-circumscribed neoplasm that was predominantly extrapulmonary with a fibrous capsule, though portions of the lesion appeared to connect with lung parenchyma. The lesion was composed of 2 cell populations: epithelial cuboidal lining cells with minimal atypia and a variably cellular underlying stromal cell population. The cells were arranged in a papillary configuration with some large pseudopapillae and solid areas. Mitotic activity was not increased and there was no necrosis. Regional lymph nodes were negative for neoplasm.Fig. 2Low magnification (top panels) photomicrographs of H&E stained sections show a well-circumscribed mass that is predominantly extrapulmonary with a fibrous capsule, and focally appears connected with lung parenchyma. On high magnification (bottom panels) a biphasic histology with 2 cell populations is evident: epithelial cuboidal lining cells with minimal atypia and a variably cellular underlying stromal population. There is a papillary configuration with some large pseudopapillae and solid areas.Fig 2

Immunohistochemical stains were performed on representative formalin-fixed paraffin-embedded sections with adequate controls ([Fig. 3](#fig0003){ref-type="fig"}). Lining epithelial cells were positive for Cam5.2, CK7, and EMA (markers of epithelioid differentiation) [@bib0002], [@bib0003], [@bib0004], as well as Napsin-A, a cytoplasmic proteinase that can be seen in lung parenchyma [@bib0005]. TTF-1, a transcription factor in pneumocytes but which can also be seen in thyroid tissue [@bib0005],[@bib0006], strongly stained in the lining cells and was also very weakly positive in the underlying stromal cells. The stromal cells were strongly positive for smooth muscle actin and desmin (see Discussion section). There was scattered PAX-8 positivity, a nonspecific finding. CK5/6 (epithelial markers), WT-1 (a marker for mesothelioma) [@bib0007],[@bib0008], D2-40 [@bib0009], calretinin [@bib0010], p40 [@bib0011], estrogen receptor (see Discussion section), progesterone receptor (PR), STAT-6 (see Discussion section), Ckit [@bib0012], ERG [@bib0013], and CD1a [@bib0014] stains were negative in the lesional cells. Markers for melanoma (HMB45, Melan-A, and S100 [@bib0015],[@bib0016]) were negative. Ki-67 proliferation index was low (\<1%), suggesting low cellular proliferation. The overall morphologic appearance and immunohistochemical profile led to a diagnosis of pulmonary adenomyoma being rendered. A thymectomy was also performed for a presumptive presurgical diagnosis of thymoma; histologic evaluation revealed normal thymic tissue.Fig. 3A panel of immunohistochemical stains show that the lining epithelial cells are positive for Cam5.2 (cytokeratin), TTF-1, and Napsin-A. The stromal cells are positive for smooth muscle actin (SMA) and desmin.Fig 3

Discussion {#sec0005}
==========

Differential diagnosis for masses in the right cardiophrenic space is broad [@bib0017]. These include fat containing lesions such as prominent pericardial fat, lipoma, and liposarcoma. Cystic lesions include pericardial and thymic cysts. Thymic neoplasms, germ cell tumors, Morgagni hernias, lymphadenopathy, and varices from prominent pericardiophrenic veins are other entities that can be found at the cardiophrenic angles. Together with the clinical history, presentation and laboratory data, cross-sectional imaging using CT or magnetic resonance imaging (MRI) can help narrow the differential diagnoses. In the present case, the clinical history of myasthenia gravis, CT features of a relatively unchanged well-circumscribed right cardiophrenic mass, as well as known association of thymoma and myasthenia gravis [@bib0018], all initially suggested that the mass was probably a thymoma situated within the mediastinal fat at the cardiophrenic angle. Although thymic neoplasms are typically located in the anterior mediastinum [@bib0017], on rare occasions they can demonstrate ectopic positioning, such as in the cervical region or visceral pleura of the lung [@bib0019],[@bib0020], indicating that communication with the anterior mediastinum is not an inviolable criterion.

Histopathology in the current case showed that the right cardiophrenic angle lesion contained epithelial cuboidal cells lining cystic spaces and surrounding cellular stroma which stained positive for actin and desmin confirming a smooth muscle stroma. Malignancy was unlikely given the absence of necrosis, lack of atypia, low Ki-67 index, and low mitotic activity. The overall findings were compatible with an adenomyomatous pulmonary hamartoma which involved the fat at the cardiophrenic angle. It is relevant to note that the imaging appearance is insufficient to make a definitive diagnosis, and biopsy or surgical resection is most likely necessary as was done here. In addition, stability and absence of radiotracer activity on positron emission tomography imaging may suggest a nonfat containing hamartomatous lesion such as a pulmonary adenomyoma.

While representing only 8% of solitary lung nodules, pulmonary hamartomas are among the most common benign lesions in the adult lung (75%) and are defined by abnormal growth of native tissue such as fat, muscle, epithelium, and cartilage, or an abnormal admixture of different tissue types [@bib0021],[@bib0022]. Classification of pulmonary hamartomas by their cellular composition includes recognized categories such as chrondromas, leiomyomas, adenomyomas, and adenofibromas [@bib0023]. In very exceptional cases, for example as in mesenchymal cystic hamartomas, malignant transformation can occur [@bib0024].

The differential diagnosis of a "hamartomatous" lung lesion composed of cellular stroma surrounding cystic spaces lined by simple cuboidal to columnar epithelium includes consideration of other possibilities such as adenofibroma and solitary fibrous tumor. Adenofibromas and solitary fibrous tumors variably stain positive for ER, BCL-2, and CD34 [@bib0025] and would not be expected to stain for smooth muscle markers such as actin and desmin. A recent report [@bib0026] documented desmin staining in a muscle-deficient lesion described as a pulmonary adenofibroma. This unusual characteristic of a pulmonary adenofibroma suggests that this lesion represents a variant with stromal spindle cells expressing desmin, or alternatively, an adenofibroma with a small, histologically undetectable smooth muscle component. The distinction from an adenofibroma and solitary fibrous tumor is further cemented by using immunohistochemistry for STAT6, a surrogate for the *NAB2-STAT6* gene fusion characteristic of these lesions [@bib0025]. The cardiophrenic angle mass in our described case did not stain for STAT6, CD34, or estrogen receptor, making an adenofibroma or solitary fibrous tumor unlikely. The histologic appearance of the mass was also similar to the appearance described for a pulmonary adenomyoma with a comparable immunohistochemical profile [@bib0027]. In addition, the patient did not have any known history of an extrathoracic tumor or uterine fibroid, the latter which may cause a metastasizing leiomyoma [@bib0028].

One unusual feature in the current case is the largely extrapulmonary location of the adenomyoma. In other cases in the literature, the lesion is typically encapsulated totally by lung parenchyma [@bib0027],[@bib0029]. This indicates that these tumors may not necessarily be confined to lung tissue, an observation that may hold implications for the cellular origin and evolution of pulmonary adenomyomas.

Finally, it is unclear whether the cardiophrenic adenomyoma was related to the patient\'s myasthenia gravis. On review of the literature, there are no reports documenting an association between myasthenia gravis and adenomyomas. Given negative laboratory data, it is likely that the patient had idiopathic myasthenia gravis. Moreover, histopathologic review of the resected thymus revealed normal tissue without thymoma. If future reports document a temporal association between adenomyomas and neuromuscular disease, it is possible that adenomyomas may cause paraneoplastic phenomena.
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